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Introduction 
 

This appendix presents available data on oyster populations within the 51 individual sanctuaries 

as a means to examine the general characteristics, background information, and trends over time 

for each unique area.  Recognizing that trends for any given area may shift as future 

environmental conditions change, an examination of oyster populations before and after 2010 

will facilitate informed discussion of the effectiveness of the locations of the management areas.  

This appendix presents detailed data on each sanctuary.  Chapter 4 and 5 will provide 

interpretations of these data to assess the effectiveness of sanctuary locations against the original 

objectives for the sanctuary program.   

Not all types of data are available for all sanctuaries, and the scientific value of the different 

types of data may vary.  This report leverages data from partners and other department programs 

which have particular data on specific sanctuaries. These studies often have limitations related to 

short study duration, initiation after the creation of sanctuaries in 2010 (no pre-sanctuary data), 

or a study design that was designed for purposes other than the type of assessment presented in 

this report (e.g. bottom sonar surveys targeting derelict gear, but which could be used to 

characterize bottom substrate).  

Data used in this assessment include the following: bay bottom characteristics, replenishment 

and restoration activities, oyster population characteristics (density, recruitment, size structure, 

and mortality), water quality, and ecosystem services (Table A0-1).   

The various data sources used in the assessment of each sanctuary are described below. For each 

data source, the objective and term of the sampling program are presented, the specific data sets 

derived from the program are described, and the value and limitations of each of the data sets for 

assessment purposes are identified. 

 

Data Sources 

Bay Bottom Surveys 

Bay bottom mapping is important to determine the different substrate types of the bay bottom 

and, if possible, oyster bar boundary delineation. Three surveys are used in the sanctuary 

assessment: the Yates survey which delineated oyster bars from 1906 to 1912, the Bay Bottom 

Survey which categorized areas of the bay by bottom type from 1974 to 1983 (design and 

planning in 1974; survey conducted 1975 to 1983), and site-specific sonar surveys occurring 

between 2005 and 2013.  

The Yates survey, conducted from 1906 to 1912, was the first comprehensive survey of 

Marylandôs oyster bars.  The primary objective of the survey was to delineate the legal 

boundaries of the oyster bars to facilitate leasing grounds outside of the bars for aquaculture.  

Using a chain dragged over the bottom, the survey examined 350,000 acres of bay bottom and 
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mapped 780 bars covering 216,000 acres over a six year period.  After the Yates survey, 

additional areas were mapped and bars delineated.  These new bars were amended to the list of 

Maryland oyster bars. Currently (as of 1983), there are 1,105 historic bars covering 330,202 

acres
1
. The bars mapped by Yates as well as the additional areas are referred to as Marylandôs 

historic oyster bars. It should be noted, however, that these historic oyster bars do not necessarily 

represent current viable oyster habitat with oysters and substrate. It has been estimated that only 

36,000 acres of the historic oyster habitat is viable today
2
. 

Maryland Department of Natural Resources conducted the Bay Bottom Survey from 1975-1983 

using a dragged acoustical device, sonar, and patent tongs to map the bottom types found in 

Marylandôs portion of the Chesapeake Bay (approximately 630,000 acres). Bottom type 

categories included cultch (oyster shell), hard bottom, mud, mud with cultch, sand, and sand with 

cultch.  Cultch and mixed cultch are important to oyster population as these bottom types provide 

settlement substrate for oyster larvae.  Hard bottom may serve as a platform for placing spat on 

shell.  The greater the area of cultch, mixed cultch, and hard bottom, the greater the potential for 

restoration. A sounding pole or divers were used for ground-truthing. 

Maryland Geological Survey (MGS) and NOAA conducted side scan sonar surveys on 32 of the 

51 oyster sanctuaries between 2005 and 2013.  In some cases, a sub-bottom profiler was used to 

elucidate subsurface features. The results of these surveys were used in conjunction with ground-

truthing Van Veen grab samples and underwater video to create maps of bottom type.  In Harris 

Creek, Little Choptank River, and Tred Avon River sanctuaries, NOAA used multi-beam sonar 

to create high-resolution bottom type maps of areas that appeared suitable for restoration 

(capable of supporting oysters or reef building substrate) based on the side scan sonar surveys.  

In addition to surveying oyster sanctuaries to map bottom type, MGS also conducted sonar 

surveys for other purposes, such as the identification of derelict fishing gear.  Where possible, 

the data collected from these surveys were re-analyzed to produce bottom type maps. 

NOAA uses the Coastal and Marine Ecological Classification Standard (CMECS)
3
 for bottom 

types.  CMECS provides a comprehensive national framework for organizing information about 

coasts and oceans and their living systems. This information includes the physical, biological, 

and chemical data that are collectively used to define coastal and marine ecosystems. To 

compare the results of NOAA, MGS, and Bay Bottom Surveys, NOAA reclassified the MGS and 

Bay Bottom Survey bottom types to CMECS, matching categories as closely as possible. The 

Bay Bottom Survey categories of cultch, mud with cultch, and sand with cultch were classified 

as oyster reef, as were the MGS catergories of shell, mud with shell, and sand with shell.  Man-

made reefs were also classified as oyster reef habitat. The bottom maps in this appendix present 

simplified results of the surveys, showing only oyster reef habitat and non-oyster reef habitat 

bottom. The bottom maps provide valuable information on habitat, and comparing the results of 
                                                           
1 Maryland Department of Natural Resources. 1997. Marylandôs Historic Oyster Bottom: A Geographic representation of the traditional named 

oyster bars.    http://dnr.maryland.gov/fisheries/Documents/maryland_historic_oyster_bottom.pdf 
2
 U.S. Army Corps of Engineers, Norfolk District. 2009.  Programmatic Environmental Impact Statement for Oyster Restoration in Chesapeake 

Bay Including the Use of a Native and/or Nonnative Oyster. http://dnr.maryland.gov/fisheries/Pages/eis.aspx  
3 Federal Geographic Data Committee (FGDC). 2012.  Coastal and Marine Ecological Classification Standard.  Report no. FGDC-STD-018-
2012. https://www.fgdc.gov/standards/projects/cmecs-folder/CMECS_Version_06-2012_FINAL.pdf 

http://dnr.maryland.gov/fisheries/Documents/maryland_historic_oyster_bottom.pdf
http://dnr.maryland.gov/fisheries/Pages/eis.aspx
https://www.fgdc.gov/standards/projects/cmecs-folder/CMECS_Version_06-2012_FINAL.pdf
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the Bay Bottom Survey with more recent MGS and NOAA sonar surveys allows the visual 

examination of change in habitat over time.   

 

Replenishment and Restoration Efforts 

Almost every oyster bar in Maryland has been manipulated over time through replenishment and 

restoration efforts to improve oyster bar productivity. Replenishment efforts were intended to 

enhance the public fishery for economic benefit and occurred prior to the establishment of the 

sanctuaries. Restoration efforts were those activities occurring after the establishment of the 

sanctuary with the objective to restore oyster populations for ecosystem and ecological benefits. 

The types of enhancements employed in both replenishment and restoration include planting 

fresh and dredged shell, transplanting natural, wild seed, and planting hatchery-reared spat in 

hopes of increasing oyster populations. Records of these activities date back to 1960, but shell 

and seed plantings only since 1990 will be presented in this appendix so to be consistent with the 

time period of comparison of the general oyster population characteristics to be described for 

each sanctuary.  

The amount of replenishment and restoration activities differs widely among the 51 sanctuaries.  

Some sanctuaries have received numerous plantings of both shell and seed over time, while 

others received very few or none of either. The annual planting information provides a general 

sense of how each sanctuary was manipulated over time. An analysis to determine if 

replenishment or restoration activities contributed to an increase in oyster population is beyond 

the scope of this report, since a robust statistically designed project would have to be conducted 

in order to assess shell and seed planting effectiveness.  This type of project is ongoing for Harris 

Creek, Little Choptank River, and Tred Avon River sanctuaries by organizations other than the 

department and may be referenced when applicable. 

There is some uncertainty around the planting activity data recorded in earlier years. This is due 

to the precision of technology used to record planting locations and incompleteness of records. 

Prior to around the year 2000 seed and shell plantings were charted using coordinates obtained 

with LORAN-C, then transposed by hand onto paper or mylar charts, and then digitized by hand 

for use in electronic format, specifically with ArcGIS and other computer mapping software. 

Each step is a potential source of error. According to the manufacturer, the absolute accuracy of 

LORAN-C varies from 0.10 to 0.25 nautical miles (185 to 463 meter) compared to GPS which is 

typically less than three meters. The location of plantings prior to 2000 are not known with the 

same level of accuracy as those post-2000 and could be off potentially by up to 0.25 nautical 

miles, or an order of magnitude more than modern plantings. With this margin of error, there is 

much uncertainty of where historic plantings were with regard to modern sanctuary lines or with 

the digitized Yates bar boundaries. 

When the records exist, the volume and area of historic planting is known relatively well. Barges 

of known volume and carrying capacity were used and carefully measured, and individual 

workboats used to haul seed were measured and each load was inspected prior to planting. 
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Unfortunately, many records are missing or incomplete. In several cases the volume was known 

but the area was not recorded or was lost. In some cases the area was recorded but the volume 

was not recorded or was lost. A few years ago, Department staff spent a considerable amount of 

time going through old records and reports to try to fill in as many blanks as possible to update a 

database and GIS layer with this information. In many cases over the five decade time series, 

including those between 1990 and 2010, a ñbest guessò for the volume of material had to be 

calculated based on available information such as average density of plantings and estimated 

acreage. Post-2010, the completeness of the planting records has improved as has the precision 

with which area has been measured. Due to these two issues (lack of precision and 

incompleteness) surrounding older plantings, caution must be exercised when stating the total 

amount of planning activity since 1990 in a given area. 

Longevity of plantings should also be considered when examining replenishment activities. On 

average, it is thought that, in the absence of disease, oysters can live up to 20 years
4
. Even 

without disease related mortality, seed plantings in the Chesapeake Bay for harvest purposes are 

not likely to last more than three to five years due to harvest pressure. Longevity of shell can 

vary due to type of shell, pH and alkalinity, sediment burial, and attack from shell-boring 

organisms. The shell dissolution rate for fresh shell has been found to be much faster than for 

dredged shell. The half-lives of shell were computed by Waldbusser et al (2011)
5
  and the results 

ranged from roughly one year for fresh shell under mid and low pH to nearly 40 years. This rate 

however does not account for loss of shell due to burial, transport, and attack from sponges and 

other shell-boring organisms, all important sources of shell loss in Chesapeake Bay. A further 

understanding the fate of historic plantings is important but beyond the scope of this report. 

Another source of smaller-scale restoration planting data comes from the Marylanders Grow 

Oyster Program (MGO). MGO is an outreach and educational program designed to engage the 

public in oyster restoration by having them grow oysters at their piers in cages and then plant the 

oysters in local sanctuaries to enhance the oyster population. Growers (individuals in the 

program) receive spat in cages around September each year. The cages are tended to by the 

growers over the winter and spring. Around June, the approximately nine month old oysters are 

planted in sites within a sanctuary. The shell height of these oysters are approximately one to two 

inches. 

The program began in 2008 in the Tred Avon River and has grown considerably since then. The 

MGO Program is large in terms of geographic scope (currently in 32 tributaries of the bay), the 

degree of public involvement (over 2,000 oyster growers and over 5,000 school students), and 

the effort invested to grow oysters (7,000 cages are being utilized).  It is likely the largest 

community-based oyster growing program in the country.  But it is actually a small scale 

program in terms of the acreage of sanctuary bottom restored and the number of oysters planted.  

Approximately two million oysters are planted on a few acres of oyster bottom annually. In 

comparison, large scale restoration can plant 2 million oysters in a day (i.e. Harris Creek 
                                                           
4 Buroker NE. 1983. Population genetics of the American oyster Crassostrea virginica along the Atlantic coast and Gulf of Mexico. Marine 
Biology 75:99-112.  
5 Waldbusser, G.G., R. A. Steenson, and M. A. Green. 2011. Oyster Shell Dissolution Rates in Estuarine Waters: Effects of pH and Shell Legacy. 
Journal of Shellfish Research, Vol. 30, No. 3, 659ï669 
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Sanctuary).  However, in tributaries where large scale restoration is absent, MGO may be the 

only source of restoration activity.   

 

Annual Fall Oyster Dredge Survey 

The purpose of the departmentôs Annual Fall Oyster Dredge Survey (Fall Survey), conducted 

since 1939, is to assess the overall health of the Marylandôs oyster population.  The Fall Survey 

represents the longest continuous and most geographically comprehensive oyster survey in 

Maryland.  Although the Fall Survey was not developed explicitly for sanctuary monitoring and 

cannot be used to determine the density of oysters or calculate the total population size, it is 

useful for tracking general long-term trends of the oyster population characteristics.  

The original Fall Survey design included the sampling of spatfall and relative oyster abundance 

at a subset of Marylandôs oyster bars.  This report utilizes Fall Survey data since 1990, when the 

sampling methodology was altered to include disease and biomass components along with the 

spatfall and relative abundance information. In the fall each year, between 311 and 385 samples 

are collected.  Some sanctuaries may have samples taken on multiple bars annually, some 

sanctuaries have only one oyster bar sampled annually, and some sanctuaries have not been 

sampled at all by the Fall Survey. For each sample, one or (in the case of the 43 fixed disease and 

biomass bars) two half bushel subsamples of material are collected by an oyster dredge. Detailed 

methods for the fall survey may be found in Tarnowski (2015
6
). 

For each sample collected by the Fall Survey, the number of live oysters per one bushel of 

material collected is counted. Oysters are classified as spat, small-sized oysters, or market sized 

oysters. Spat are less than one year old. Small-sized oysters are between one and two years old, 

and generally greater than 40 millimeters and always less than 76 millimeters. Market-sized 

oysters are always greater than 76 millimeters and generally older than three years. Changes in 

the number of oysters over time can provide a general sense of change in oyster abundance and 

age/size structure.  

Samples taken on a fixed 43 bar subset of all the oyster bars sampled provide more detailed 

information on oyster sizes annually. Oyster shell height in millimeters is recorded for all oysters 

collected. Oyster size structure can be assessed by calculating the frequency distribution of 

oysters in each five mm size class. A healthy oyster population would have a size distribution 

with oysters in all size classes from 0-5 millimeters to greater than 120 millimeters. This would 

indicate multiple age classes in the population.  

Biomass is estimated from field-collected oyster shell height using laboratory-derived height-

weight relationships.  Weight is calculated as grams of dry tissue weight. Increases in biomass 

may reflect increase in the number of oysters and/or oyster size.  Greater biomass results in 

greater water filtration capacity.  

                                                           
6 Tarnowski, 2015.  Maryland Oyster Population Status Report, 2014 Fall Survey. http://dnr.maryland.gov/fisheries/Pages/shellfish-
monitoring/reports.aspx 

http://dnr.maryland.gov/fisheries/Pages/shellfish-monitoring/reports.aspx
http://dnr.maryland.gov/fisheries/Pages/shellfish-monitoring/reports.aspx
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Total Observed Mortality is an indicator of annual mortality rates of small and market sized 

oysters. Mortality can occur from disease or other natural factors such as freshets. Mortality is 

estimated based on the total count of small and market-sized live oysters and the total count of 

small and market-sized boxes (dead oysters with the valves still articulated).  

Information on oyster diseases is collected from the same fixed subset of 43 bars on which shell 

heights are collected. Dermo (Perkinsus marinus) and MSX (Haplosporidium nelsoni) infection 

prevalence (the percentage of oysters infected) and intensity (the severity of infection) are 

measured from 30 oysters collected at each site.  Disease prevalence and intensity both relate to 

mortality.  For example, all of the oysters in a sample may be infected with a disease, but at such 

low intensity levels that few oysters are in danger of dying in the near future.  Intensity is based 

on a 0 to 7 scale with values of 5 or greater representing lethal levels.  

The Fall Survey data will be used to explore general characteristics of the oyster populations 

within those sanctuaries that were sampled in the Survey.  Data presented will examine changes 

over time, based on the average number of oysters per a bushel of material, oyster shell height, 

live oyster biomass, recruitment, mortality, and disease on oyster bottom within each sanctuary.  

 

Patent Tong Surveys 

Patent tong population surveys have been conducted by the department since the establishment 

of the 2010 sanctuaries. These surveys use hydraulic patent tongs to obtain spatially explicit 

estimates of oyster density, as well as information on oyster size and the amount of cultch 

present.  Data of this type cannot be derived from the Annual Fall Dredge Survey because of the 

type of sampling gear used in that survey. Patent tong surveys conducted by the department used 

a stratified random sampling design, with strata based on substrate type.  The number of 

sampling points for each survey on each sanctuary ranged from 50 to 300, depending on the area 

of potential oyster habitat present in each sanctuary. Most sanctuaries have been surveyed at 

least once, and two sanctuaries have had two surveys conducted prior to sanctuary establishment. 

During each patent tong survey all oysters are counted and classified as spat, small-sized, or 

market-sized. Oyster shell heights in millimeters are also measured for each sample in each 

survey. The size structure derived from patent tong surveys may differ from the one derived from 

the Fall Survey data. This is due to the patent tong surveys being based on samples taken across 

the entire sanctuary and the Fall Survey size structure being based on just one bar within the 

sanctuary.   

The fixed area of the patent tongs (1m
2
) allows for the calculation of oyster density. An average 

density of oysters based on all samples collected within a sanctuary can be used to derive the 

overall density of oyster habitat in the entire sanctuary. 

The patent tong surveys also measure the volume of surface shell in each sample.  Exposed 

oyster shell is the preferred settlement substrate for oyster larvae; therefore the greater the 

volume of exposed shell, the greater the potential for spat set. 
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The large number of samples taken during targeted patent tong surveys allows for an 

examination of the spatial distribution of oysters in a sanctuary, information that is unavailable 

from the Fall Survey due to the integration of data over the length of a dredge tow and the small 

number of samples taken in each sanctuary.  Comparison of Fall Survey and patent tong survey 

results is difficult given the difference in sampling efficiency  and area between the two gear 

types; therefore, in this appendix the results from the two surveys are presented separately.   

In this appendix oyster density and oyster shell height distribution from the patent tong surveys 

will be presented, where available, along with the Fall Survey information. In addition to the 

patent tong surveys conducted by the department, additional patent tong surveys were conducted 

by the Paynter Labs of the University of Maryland and Versar, Inc using a systematic sampling 

design.  Results of these surveys may be referenced in this appendix.  

 

Seafood Dealer Reports and Oyster Harvester Reports 

Harvesting wild oysters in a sanctuary is prohibited. However, harvest data collected prior to an 

area being established as a sanctuary may be used to examine harvesting activity in that area. 

The Department collects harvest data using two methods: seafood dealer reports and oyster 

harvester reports. The volume of oysters caught each day by each license holder is reported to 

the department on both forms in bushels. One Maryland oyster bushel is approximately 46 liters, 

notably larger than a standard U.S. bushel (35 liters).  

Seafood dealers must report their oyster purchases to the department. These reports are called 

buy tickets and have been collected since the 1970ôs. Information reported on the buy tickets 

includes the broad location where harvest occurred (called the NOAA Code Area), quantity of 

oysters harvested, and date of harvest.  Both the dealer and the harvester must sign the buy ticket 

and include their names and license numbers. Harvest reported on buy tickets has been reviewed 

only since 1990, when NOAA Code Area reporting was implemented.  Furthermore, buy ticket 

harvest is only relevant to this assessment when the sanctuary area aligns exactly with the 

NOAA Code Area. For example, the Severn River Sanctuary covers exactly the same area as 

NOAA Code Area 082. 

Starting in 2009, the department required oyster harvesters to report their catch every month.  

Information provided on the harvester reports include bar-specific harvest location, quantity of 

oysters harvested, gear used, and the date of harvest.  For oyster bars located within the 

sanctuaries created in 2010, harvest data are only available for 2009, when bar-specific reporting 

was first implemented. No bar-specific harvest data are available for oyster sanctuaries created 

prior to 2010. Harvest reported up until June 1, 2016 will be presented in this appendix.   

Due to the longer time series available from the buy ticket record, this is the standard data source 

for long-term trends in harvest. For applications where gear or oyster bar name is considered 

critical, the oyster harvester report data source is often used because generally these reports are 

more complete with regard to gear type and oyster bar name. 
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Water Quality 

Water quality may influence patterns in oyster life history parameters and disease as well as the 

effects of sanctuaries and active restoration efforts on the environment.  Oyster survival, growth, 

reproduction, and disease incidence are related to water quality parameters including salinity, 

temperature, and dissolved oxygen.  Oyster reproduction (spat fall) and disease-caused mortality 

both decline with decreasing salinity. Therefore in areas where reproduction is lowest, survival 

of mature oysters may be highest.  Oysters also impact the quality of water in which they live. 

For example, some water quality characteristics such as clarity may be related to oyster biomass, 

as greater biomass results in a greater filtration rate.  However, the association between water 

quality improvements and oyster population size is complex, since a number of other factors, 

such as land use practices and water treatment facilities, greatly impact water quality. 

Water quality is monitored in Maryland through the departmentôs Eyes on the Bay program.  

Although water quality data are collected throughout the bay, most of the sampling stations are 

located outside oyster sanctuaries. Only 12 of the sanctuaries have water quality information. 

Parameters measured by the Eyes on the Bay program include temperature, salinity, dissolved 

oxygen concentration, pH, total suspended solids, Secchi depth, chlorophyll a concentration, and 

nutrient concentrations.   

In addition to bay-wide water quality monitoring, there are two sanctuary-specific monitoring 

efforts.  In Harris Creek, the first tributary chosen for large-scale oyster restoration, there are 

three water quality instruments or sondes. Two are moored to the bottom, and one is a mounted 

on a vertical profiler that takes samples throughout the water column.  In the Tred Avon River, 

there is one sonde is mounted on a vertical profiler.  Each sonde measures temperature, salinity, 

dissolved oxygen concentration, pH, turbidity, fluorescence, and total chlorophyll concentration.   

Additionally, biweekly water samples are collected in Harris Creek and alkalinity calculated 

based on total inorganic carbon. 

Oyster bars in Maryland are located in the mesohaline salinity classification (5-18 ppt). Within 

this mesohaline zone, Maryland oyster bars are further classified into three zones: Zone 1 has an 

average salinity between 5 to 11 ppt; Zone 2 has an average salinity between 12 and 14 ppt; and 

Zone 3 has salinities greater than 14 ppt (Figure 3-3).  Data from Maryland Department of 

Natural Resources, Maryland Department of Environment, and Chesapeake Bay Program were 

used to create a Maryland-wide salinity dataset. Oyster sanctuaries are classified by salinity zone 

using average bottom salinity during the oyster growing season (April to October) in 2005 and 

2006, two years with average rainfall.  

 

Sanctuaries within Zone 1 (43 sanctuaries and 173,513 acres) were chosen to increase oyster 

biomass through stocking and long-term survival. Oysters within Zone 1 are characterized by 



12 

DRAFT REPORT ς JULY 2016 

having lower levels of disease and better survival but low reproductive capability
7
) Oysters are 

also subject to intermittent freshets that can result in substantial mortality.  

Sanctuaries within Zone 3 (3 sanctuaries and 17,671 acres) were chosen to foster disease 

resistance and enhance reproduction.  Oysters in this zone are subjected to heavy disease 

pressures which normally results in mortality
8
. Those oysters that do survive past 4 years are 

thought to harbor some diseases resistance or tolerance since they did not succumb to disease 

related mortality. In Zone 3, there is also high recruitment rates that provide a fairly constant 

influx of new oysters. 

Sanctuaries within Zone 2 (13 sanctuaries and 62,257 acres) represent transition areas 

incorporating the goals of Zones 1 and 3.  Oyster located in Zone 2 may have fluctuating 

characteristics based on the climatic variation between wet and dry years
9
.  Annual spat 

settlement can range from low to moderate to high based on salinity. Mortality related to disease 

can also fluctuate from year to year. In years with low disease-caused mortality, the oyster 

populations in this area can recover as long as there is also successful recruitment. However, the 

reverse can also occur.  

 

Ecosystem Services 

Ecosystem services provided by oysters include: habitat for fish and invertebrate species; 

biogeochemical processes including denitrification; filtration and water clarity; adjacent shallow 

water habitat stabilization; and shoreline protection. Several studies assessing ecosystem services 

in Harris Creek and the Tred Avon River are underway.  NOAAôs Oyster Reef Ecosystem 

Services project is attempting to quantify and estimate the economic value that restored oyster 

reefs provide to other organisms and the environment. Researchers from the Virginia Institute of 

Marine Science and University of Maryland are quantifying macrofaunal productivity and 

nutrient removal associated with restored oyster reefs.  Researchers from the University of 

Maryland are using computer models to estimate larval supply from sanctuaries to public fishery 

areas.  Scientists from the Smithsonian Environmental Research Center and the University of 

Maryland are assessing the effects of restored oyster reefs on chlorophyll uptake.   

As these studies are ongoing, findings regarding ecological services will need to be addressed in 

a future report. However, current data can inform conversations about ecological services as a 

number of these services (e.g. water filtration and provision of habitat) can be linked to 

measurable parameters such as oyster density and total biomass.  

 

 

 

                                                           
7 Chesapeake Bay Oyster Management Plan: 2004  http://www.chesapeakebay.net/content/publications/cbp_12889.pdf 
8 IBID  
9 Chesapeake Bay Oyster Management Plan: 2004  http://www.chesapeakebay.net/content/publications/cbp_12889.pdf 

http://www.chesapeakebay.net/content/publications/cbp_12889.pdf
http://www.chesapeakebay.net/content/publications/cbp_12889.pdf
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Table A0-1.  List of oyster data collected in each sanctuary. BB = Bay bottom data. MN = 

Maryland Geological Survey and NOAA side scan sonar surveys between 2005 and 2013. P = 

data present prior to the establishment of the sanctuary. A = data present after the establishment 

of the sanctuary.  

Sanctuary Name 
Bottom Type 

Surveys 

Replenishment 

and Restoration 

Efforts 

Annual Fall 

Oyster 

Dredge 

Survey 

DNR Patent 

Tong 

Population 

Survey 

Seafood Dealer 

Reports and 

Oyster 

Harvester 

Reports 

Water Quality 

Monitoring  

Big Annemessex BB   A     P,A 

Breton Bay BB, MN P P,A      P 

Calvert Shore BB, MN P P,A A     

Cedar Point BB, MN     A     

Chester ORA Zone A BB, MN P P,A A    P 

Choptank ORA Zone A BB, MN P,A P,A A     

Cook Point BB, MN P,A P,A       

Cox Creek BB, MN P P A   P  

Eastern Bay BB, MN   P A   P 

Fort Carroll             

Harris Creek BB, MN P,A P,A   P P,A 

Herring Bay BB, MN P P,A A     

Hooper Strait BB, MN P,A P,A A     

Howell Point BB P,A A       

Kitts Creek BB P P,A     P,A 

La Trappe Creek BB   A       

Little Choptank BB, MN P,A P,A A     

Lower Chester River BB, MN P,A P,A A    P 

Lower Choptank River BB, MN P,A P,A A    P 

Lower Mainstem Bay BB P P,A A     

Lower Patuxent River BB, MN     A     

Magothy River BB, MN P     P P,A 

Man O' War/Gales Lump BB P,A   A     

Manokin River BB/MN P P,A A P P,A 

Miles River MN P P,A A    P 

Mill Hill  BB, MN A P,A       

Nanticoke River BB, MN P P,A   P P,A 

Neal Addition BB P,A P,A       
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Table A0-1. Continued 

Sanctuary Name 
Bottom Type 

Surveys 

Replenishment 

and Restoration 

Efforts  

Annual Fall 

Oyster 

Dredge 

Survey 

DNR Patent 

Tong 

Population 

Survey 

Seafood Dealer 

Reports and 

Oyster 

Harvester 

Reports 

Water Quality 

Monitoring  

Oxford Laboratory BB, MN A         

Piney Point             

Plum Point BB         P,A 

Point Lookout BB P,A P,A A     

Poplar Island BB A A       

Prospect Bay BB, MN P,A P A     

Prospect Bay-Cabin 

Creek 
      A    P 

Ringgold BB, MN   P,A       

Roaring Point             

Sandy Hill BB, MN P,A P,A A     

Severn River BB, MN P,A P,A A P P,A 

Solomons Creeks             

Somerset BB A A A     

South River BB, MN P,A P,A A   P,A 

St. Maryôs River BB, MN P P,A A P  P 

Tilghman Island BB     A     

Tred Avon River BB, MN P,A P,A A P  P 

Upper Chester River BB, MN P,A P,A A P P,A 

Upper Choptank River BB, MN P,A P,A A   P,A 

Upper Patuxent River BB, MN P,A P,A A P P,A 

Webster BB           

Wicomico River (West) BB           

Wye River BB, MN P P,A A P  P 
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Section A.01: Big Annemessex Sanctuary 
 

The Big Annemessex Sanctuary is located in a high salinity (greater than 14 ppt) region of 

Marylandôs lower eastern portion of Chesapeake Bay (Figure A.01-1). The sanctuary was created 

in 2010 and encompasses 749 acres of which 361 acres (48%) are historic oyster bottom (as 

charted in the Yates Oyster Survey from 1906 to 1912 plus its amendments). There are four 

historic oyster bars within the sanctuary
10

, two of which lie almost entirely outside the sanctuary 

and account for only 0.9% of the total area of the entire sanctuary and two of which lie almost 

entirely within the sanctuary boundary.     

 

Bottom Habitat Characteristics 

A small portion of the sanctuary (54 acres) was examined during the Bay Bottom Survey (1974 

to 1983) to determine bottom type (Figure A.01-2).  No oyster reef habitat was found within the 

54 acres surveyed, which consisted primarily of sand.  More recent side scan sonar bottom 

surveys have not been conducted in this sanctuary. 

 

Restoration and Replenishment Activities 

This area has not received any active restoration or replenishment efforts since 1990. 

 

Oyster Population Characteristics 

The Fall Survey did not sample any oyster bars within this area between 1990 and 2014.  In 

2015, one sample was collected and no oysters were found. 

No patent tong population surveys have been conducted to date in the sanctuary by the 

Department.  

 

Harvest 

The sanctuary encompasses 10% of the 7,343 acres in NOAA Code Area 005; therefore, seafood 

dealer buy tickets cannot be used to assess harvest in this area. According to oyster harvester 

reports for the 2009-2010 season, no harvest occurred in the area now established as a sanctuary.  

 

                                                           
10 See chart 45 for bar names and locations in the State of Maryland Shellfish Closure Areas Book 

http://dnr.maryland.gov/fisheries/Pages/oysters/index.aspx 

http://dnr2.maryland.gov/fisheries/Pages/oysters/index.aspx
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Environmental Conditions and Ecosystem Services  

The Chesapeake Bay Program Water Quality Data Hub recorded monthly water quality at station 

XBJ2003 (latitude 38.03373, longitude -75.82832) in the sanctuary from 2011 to 2013 (Figure 

A.01-3).  Surface water quality was analyzed for salinity, water temperature, secchi disk depth, 

total suspended solids, and chlorophyll a. Water quality was favorable for oysters during the 

period examined. 

We are unaware of any studies explicitly examining oyster ecosystem services in this area. 
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Figure A.01 -1.  Big Annemessex Sanctuary. 
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Figure A.01 -2.  Big Annemessex Sanctuary bottom types. Data from Maryland Bay Bottom 

Survey of 1974-1883.  Tan and green colored areas depict areas examined during the survey. 
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Figure A.01-3. Water quality data collected at Station XBJ2003 in Jones Creek within Big 

Annemessex Sanctuary from 2011 to 2013. Black line denotes the date the sanctuary was 

established.  
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Section A.02: Breton Bay Sanctuary 
 

The Breton Bay Sanctuary is located within Breton Bay on the North shore of Potomac River, a 

low salinity (less than 12 ppt) region (Figure A.02-1). The sanctuary was created in 2010 and 

encompasses 3,212 acres, of which 888 acres (28%) are historic oyster bottom (as charted in the 

Yates Oyster Survey from 1906 to 1912 plus its amendments). There are 10 historic oyster bars 

within the sanctuary
11

.     

 

Bottom Habitat Characteristics 

The area that is now the sanctuary was examined during the Bay Bottom Survey (1974 to 1983) 

to determine its bottom type (Figure A.02-2).  Of the 847 acres surveyed within the sanctuary, 

581 (69%) were classified as oyster reef habitat.  In 2010 Maryland Geological Survey 

conducted a more thorough side scan sonar survey of the area. Of the 2,334 acres surveyed in 

2010, 311 acres (13%) were classified as oyster reef habitat.  The much greater coverage of the 

Maryland Geological Surveyôs side scan sonar work. Lack of overlap between the coverage areas 

of the Bay Bottom Survey and Maryland Geological Surveyôs side scan sonar work precludes 

comparison of the two surveys. 

 

Restoration and Replenishment Activities 

The sanctuary has not received any active restoration efforts since it was established in 2010; 

however, this area received replenishment efforts once when 1.3 thousand of bushels of wild 

seed was planted in 1996 (Table A.02-1).  No shell or hatchery spat-on-shell has been planted 

since 1990. 

 

Table A.02-1. Replenishment planting activities occurring since 

1990 in the area established as the Breton Bay Sanctuary in 2010. 

Year 

Planting 

Substrate 

Type 

Area 

Planted 

(acres) 

Thousands 

of Bushels 

Planted 

Millions of 

Spat 

Planted 

1996 Wild Seed 2.14 1.3 - 

 

                                                           
11 See chart 34 for bar names and locations in the State of Maryland Shellfish Closure Areas Book 

http://dnr.maryland.gov/fisheries/Pages/oysters/index.aspx 

http://dnr2.maryland.gov/fisheries/Pages/oysters/index.aspx
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Figure A.02 -1.  Breton Bay Sanctuary. 
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Figure A.02 -2.  Breton Bay Sanctuary bottom types. (A) Data from Maryland Bay Bottom 

Survey from 1974-1883. (B) Data from Maryland Geological Survey of 2010.  Tan and green 

colored areas depict areas examined during the surveys. 
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Oyster Population Characteristics  

The Fall Survey has taken one sample on one oyster bar (Black Walnut) in this area annually 

since 1990, with the exception of 1996 and 1997 when 2 samples were collected on Black 

Walnut bar.  The average number of total live oysters per bushel (market, small, and spat) from 

1990-2009 was slightly higher than the average from 2010-2015 (Table A.02-2; Figure A.02-3).  

The average number of small-sized and market-sized oysters per bushel from 1990-2009 was 

slightly higher than the average from 2010-2015.  

 

Table A.02-2. Oyster population characteristics based on the Fall Survey before and after the 

establishment of the Breton Bay Sanctuary in 2010. Values are given as mean ± standard error. 

  1990-2009 2010-2015 

Number of Years Sampled / Number of Samples 20 / 22 6 / 6 

Number of Live Oysters per Bushel  34 ± 7 25 ± 11 

Number of Live Small-Sized Oysters per Bushel  14 ± 4  7 ± 7  

Number of Live Market-Sized Oysters per Bushel  20 ± 4  17 ± 5  

Live Oyster Biomass  (g Dry Weight per Bushel)   72 ± 11   38 ± 9  

Mortality (%)  36 ± 5.6   14 ± 4.9 

 

The Department has not conducted patent tong population surveys in the sanctuary.  

 

Oyster Size Structure 

Oyster shell height information was collected during the Fall Survey from 1990 to 1997 and 

2011 to 2013 (Figure A.02-4). The lack of data from 1998 to 2010 and 2014 to the present 

precludes evaluation of changes in size structure.  

 

Biomass 

Biomass of oysters collected by the Fall Survey increased from 2011 to 2013; however, it is still 

lower than the highest biomass occurring in 1990 (Figure A.02-5; Table A.02-2).  
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Recruitment (Spatfall) 

Based on the Fall Survey, spatfall is low and intermittent in this area.  Measurements ranged 

from 0 to 6 spat per bushel from 1990 to 2015 with the highest occurring in 1991 (Figure A.02-

3).  There were extended periods of low spatfall from 2003-2009 and 2011-2014. In 2015, 

spatfall was 3 spat per bushel which is equivalent to the 1999 measurement and the second 

highest in the time series. 

 

Mortality 

The average mortality prior to the area becoming a sanctuary was higher than after the sanctuary 

was established (Figure A.02-6, Table A.02-2). These findings are consistent with high bay-wide 

disease pressure from 2000 to 2003. No mortality was observed in 2009 and 2010. 

 

Disease 

No Fall Survey disease samples have been taken since 1990. 
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Figure A.02-3.   Average number of live oysters per bushel of material by size class in the Breton Bay Sanctuary. The black line denotes the 

year the sanctuary was established. Error bars represent Ñ 1 standard error. Data from Marylandôs Annual Fall Oyster Dredge Survey. Note 

differing Y-axis scales. 
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Shell Height (mm) 

 

 

Figure A.02-4. Shell height frequencies of live oysters from 1990 to 2015 in the Breton Bay Sanctuary.  Data from Marylandôs Annual Fall 

Oyster Dredge Survey. The black line denotes the year the sanctuary was established.  Size data were collected from 1990 to 1997 and 2011 to 

2013. 
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Figure A.02-5. Oyster biomass (grams dry weight per bushel of material) from 1990 to 2015 in 

the Breton Bay Sanctuary. Data from Marylandôs Annual Fall Oyster Dredge Survey. Black line 

indicates the date the sanctuary was established.  Biomass data were collected from 1990 to 1997 

and 2011 to 2013. ND = No Data. 

 

Figure A.02-7. Average annual mortality of market-sized and small-sized oysters from 1990 to 

2015 in Breton Bay Sanctuary.  Data from Marylandôs Annual Fall Oyster Dredge Survey. Black 

line denotes the date the sanctuary was established. Error bars represent ± 1 standard error. 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































